The U.S. Federal Tidal Inlet Database (Carr and Kraus 2002) was developed in 2002 by the CIRP (CIRP 2017), ERDC. It was designed to function as a "continually evolving information center to maintain accuracy in recognition that inlet characteristics change through time" (Carr and Kraus 2002) . It originally contained approximately 42 hydraulic, geomorphic, and geometric parameters collected by various sources (Barnard 1998; Jarrett 1976; Marino and Mehta 1986; Walton and Adams 1976; Vincent et al. 1991; Dombrowski 1994) , and the dataset was originally focused only on 91 federally maintained inlets. Coupled with aerial photos, the Inlets Database was first posted to a website to facilitate open access (CIRP 2005) . Since its inception, other non-federally maintained inlets have been added as well as additional relevant data features. In 2012, additional inlet ebb-tidal delta geomorphic features were measured and appended to the Inlets Database (Carr-Betts et al. 2012) . The most recent update included a static web map that lists 200 tidal inlets and a limited number of hydraulic, geomorphic, and engineering features (CIRP 2013) .
This effort sought to enhance the existing dataset of information regarding tidal inlets across the United States including seeking out missing data, cross-checking cited data, and compiling references as they relate to inlet management. As the dataset is geospatial in nature, the inlet dataset was converted into a geodatabase with appropriate metadata and then published to the ESRI (AGOL) environment as a web-based mapping application. The web-based map serves as a functional inlet search tool that allows decision managers to compare and contrast tidal inlet features and data and review relevant references for decision support. Continued development of this database and webapplication are integral components to the mission of the CIRP, and therefore this phase in development considers improvements in quality control, integration of global user input, increased accessibility, and future potential uses in management needs.
METHODS:
In this study, an extensive dataset focused on the geomorphic, hydraulic, and engineering characteristics of tidal inlets across the United States was further developed into a comprehensive geodatabase in the ESRI ArcGIS for use in developing a web-based mapping application. The methods applied in this study fell into four phases: (1) data compilation and quality control, (2) geodatabase development, (3) ebb-tidal delta volume development and computation, and (4) web-based map application development.
Data Compilation and Quality Control.
The most recent development of the tidal inlet spreadsheet ( Figure 1 ) had multiple attributes that were grouped broadly in one datasheet. All attributes in this dataset are in SI units and many contain a separate column indicating references for the data. To broaden the applicability of the future database and web application, an additional 135 tidal inlets were added to the database now including 180 federally maintained inlets. Engineering analyses of tidal inlets concerning hydraulic parameters are well documented in this dataset; however, the addition of new referenced parameters is required to make this useful to the engineering community. Tidal inlet shoal volumes are useful in inlet stability and mining/dredging studies, and therefore new columns were added to provide ebb and flood tidal delta shoal volume as well as references. Initial inlet shoal volume data were added from inlet shoal bathymetric data collected prior to 1975 (Walton and Adams 1976) . More data will be required for this dataset to become useful in empirical equation development utilizing broad inlet characteristics, a research priority for the CIRP. Additionally, up to six references were collected for inlets along all three coasts (Pacific, Atlantic, and Gulf Coasts) and appended to the end of the dataset. These references consisted of technical scientific journal publications, local and state agency reports, and websites with relevant management information.
The attributes (columns in the spreadsheet) were separated into nine separate layers that represent related functional attributes of a tidal inlet. The separate layers contained the randomly generated unique ID, inlet name, and the latitude and longitude. Additional features per layer include the following:
1. Location -USACE District by area of responsibility, and USACE District code.
2. Engineering -Indication of federal maintenance, number of jetties at the entrance channel, length offset between two jetty tips, indication of weir, location of weir (north
, and the number of breakwaters along adjacent beaches.
3. Tidal Prism -Tidal prism, local National Ocean Service (NOS) station used in determining tidal range, mean tidal range, and spring tidal range.
4. Dimensions -Minimum inlet width, cross-sectional area, cross-section minimum width as used in cross-sectional area computation, distance to the offshore distal extent of the ebb tidal delta, distance to the downdrift extent of the ebb tidal delta (or position of the downdrift attachment), and distance to the updrift extent of the ebb tidal delta (or position of the updrift attachment).
5. Dredging -Average, minimum, and maximum annual dredging from USACE records for the navigation channel, depth and width of channel dredging at the entrance bar (of the ebb tidal delta), advance (extended) dredged depth and width of channel at the entrance bar, depth and width of dredging of main channel, advance (extended) dredged depth of main channel, and representative average annual entrance dredging (Carr and Kraus 2002) .
6. Shoal Volume -Ebb tidal delta (shoal) volume and flood tidal delta (shoal) volume (all in cubic meters).
7. Sediment Transport -Net annual Q sediment transport cited for location, net sediment transport direction in degrees, and net sediment transport direction in N, S, E, W.
8. Sediment Grain Size Distribution -Median sediment grain size in millimeters. Sediment grain size was representative of the adjacent beaches.
9. References -Multiple references associated with management of the inlet.
Geodatabase Development. The nine layers were then appended to a geodatabase and related through a join on a common numeric ID. Metadata for each file within the geodatabase were created, as well as a metadata file for the entire Tidal Inlet Atlas Geodatabase (Figure 2 Figure 5 illustrates a map of the tidal inlets including area of interest (AOI) reaches for those that calculated ebb-tidal delta volumes. Also included in Figure 3 is an example of the two bounding perpendicular transects along the lateral boundaries of each AOI used in the Trend analysis. Lidar bathymetry data collected in 2015 were downloaded from the NOAA Office for Coastal Management's Data Access Viewer (https://coast.noaa.gov/dataviewer). An initial AOI, larger than the inlet's area of influence (beyond closure depth and inlet shoal features), was used to download these data from the NOAA site. The DEM created in the Universal Transverse Mercator Zone 17 projection at a horizontal spatial resolution of 1 meter (m) was selected for ebb-tidal delta volume computation. The ESRI ArcGIS software and Spatial Analyst extension was used for all viewing and processing of the data.
Following the methods outlined in Fontolan et al. (2007) , a polygon feature class was created for a refined AOI of each inlet studied. This polygon included the inlet's ebb-tidal delta region plus a length of coastline less than 1 km on either side of the ebb-tidal delta. A visual inspection of the bathymetry data and the ESRI World Imagery from the ArcGIS Online site was used to determine the extents for the refined AOI. The landward edge of the polygon was the wet/dry line along the coastline, and the seaward side of the AOI was the edge of the DEM where light extinction occurred during lidar acquisition.
A polyline feature class was used to create four transects of the bathymetric profile. Two perpendicular transects were placed a nominal distance apart at each end of the AOI, trimmed to the AOI and converted to raster cells and later to points. The 2015 bathymetry elevation values were assigned to the transect point locations on the transects. This bathymetry raster was used as the snap raster to which all future rasters were aligned. As a result of being coincident with a no-data raster cell in the 2015 bathymetry, a few transect points received a null value. These points were deleted prior to applying the Trend tool to create a no-inlet bathymetry. No inlet herein refers to the adjacent local trend in offshore bathymetry without the inclusion of the positive relief of the ebb-tidal delta.
The ArcGIS Trend tool (ESRI 2018) allows the creation of a smooth surface by using global polynomial interpolation based on the input of sample points, in this case the transect points containing the 2015 bathymetry data. The user is allowed to select a polynomial order from 1 to 12 with lower polynomial orders generally being better at predicting linear events and higher polynomial orders being better at showing more complex structures. For this study, first-, second-, and third-order polynomial interpolations were run on the transect points to create three distinct no-inlet bathymetry rasters.
Using the Raster Calculator tool, each of the first-, second-, and third-order polynomial no-inlet bathymetry rasters were subtracted from the 2015 bathymetry raster. This resulted in the creation of three residual rasters showing how much sediment had accreted or eroded in each square-meter cell. The three residual rasters were then converted to NumPy arrays, an alternative to raster files to apply Python scripts. The positive values in each NumPy array were summed, resulting in three different values representing sediment volume in cubic meters for each polynomial fit curve. The final selected values were based on the second-order polynomial trend.
The Web-Based Map Application Development. The Tidal Inlet Atlas geodatabase was then added to the ESRI AGOL as feature layers, each displayed in a web map. Individual feature layers were adjusted within the web map to display the primary characteristic of interest in a unique way to demonstrate the variability across the study area of the United States. As an example, dredging records, which are not complete, were displayed as varying size points based on quantity of average annual dredging amounts. This provided a relative scale of the amount of dredging conducted at each inlet. An ESRI World Base Map was added to the background.
After each layer's visible display was set in the web map, a web mapping application was created using an ESRI template for display and analysis using pre-developed widgets. The widgets selected included layer selection list, a bar chart, an overlay analysis calculator, a portal to search and add data from ESRI AGOL and the internet, and a print/share widget.
RESULTS:
The Tidal Inlet Atlas Geodatabase is now available for further development by the USACE GIS Technical Center of Expertise. It was published to that user group and is intended to be made public upon review and vetting through a USACE process for GIS data publishing. A series of maps illustrating the tidal inlet atlas features as examples are given in Figures 3-5 . Figure 3 illustrates tidal inlet morphology in West-Central Florida with a quantitative representation of ebb tidal delta volume for select inlets that have data. Figure 4 illustrates which of the New Jersey and New York tidal inlets are federally maintained and whether they are structured with one or two jetties. Note that most of the federally maintained inlets along the open Atlantic Ocean coast are structured with two jetties (in red). Figure 5 shows tidal inlet dimension data for tidal inlets along the Pacific Northwest coastline with an increasing trend in tidal prism as the bay sizes increase towards the Washington coast. The web-based mapping application utilizes the published web map containing the multiple layers of the Tidal Inlet Atlas geodatabase developed for this project. It can be accessed through the CIRP website (http://cirp.usace.army.mil/index.php). It is an interactive website that features GIS widgets that allow the user to do simple analysis and highlight specific features for tidal inlets of interest anywhere in the country. Figure 6 illustrates the details of the application including the functional widgets. Widgets along the left side contain the layer selection list, a bar chart, and an overlay analysis calculator that offers flexibility in analysis of specific features of the inlet and their display within the map window. Additional data can be searched for and added to the map window, and the final map and legend can be printed to a pdf figure or directly to a printer. Users may also select the share tab and get options to share their modified web map directly or embed the resultant map (including all application features) into another website.
DISCUSSION:
In this study, four components comprised an effort to expand the tidal inlets database into a more comprehensive dataset with relevant, global availability to users via ArcGIS Online web-based application capabilities. This endeavor is a substantial undertaking that will continue to evolve as more data become available and web-based technology changes. Central to this project was a significant advancement of clarity in a geodatabase environment and public availability. This study successfully produced relevant data products for public consumption. However, there remains a significant amount of work to be conducted with the addition of new data, quality control, full referencing, and validation through the peer-review process.
Future efforts will further expand the data in this geodatabase and introduce additional time series topobathymetric datasets (e.g., lidar). This will increase the applicability of the geodatabase for geomorphic analyses of environmental and anthropogenic changes to each inlet. New studies can also be added to the reference list, which would result in a living atlas. Figure 6 . Interactive web-based mapping application for tidal inlets including display, plotting, and analysis widgets. Top-left to bottom-left widgets contain the layer selection list, bar chart, and overlay analysis calculator. The bottom-center widget contains the "data-add" feature, and the bottom-right widget contains the print/share features.
SUMMARY:
A tidal inlet data spreadsheet that has been served publicly as flattened web maps in the past has been revived and further developed into a web-based, national geodatabase with new information and clearly articulated references. The geodatabase can be readily accessed and used by other geospatial researchers working with coastal features. An initial feature class has been added to the geodatabase that includes the calculation of 23 tidal inlet ebb-tidal delta volumes with the NCMP bathymetric data product. The datasets have been integrated into an ESRI ArcGIS online web map and interactive web mapping application for decision support analyses. This development effort will facilitate future improvements that include additional quality control efforts, integration of global user input and sourcing for validation, increased accessibility through other digital products, and future potential technological advancements to facilitate management decision support. 
